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[OBJECT] 

The transmission capacity of a light quantity is 
outstanding and it is useful as a light guide. A 
hollow plastic optical fiber and its manufacturing 
method are provided. 

[SUMMARY OF THE INVENTION] 

This optical fiber, After filling a thermoplastic 
resin in the base cylindrical mold 1 which has 
core-material 1b coaxially protruded by the axial 
center part It heats and a vacuum degassing 
process is applied at the temperature which an 
above-mentioned thermoplastic resin melts. 
Subsequently, after solidifying an above- 
mentioned melting thermoplastic resin by 
cooling the above-mentioned base cylindrical 
mold 1 sequentially from the lower part in the 
pressurization atmosphere of inert gas Perform 
a release from an above-mentioned base 
cylindrical mold, and it does as a hollow reserve 
compact. After performing spinning of the 
above-mentioned hollow reserve compact, or in 
the process of spinning, After applying resin for 
dads to that periphery, it manufactures by 
hardening this. 
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[CLAIM 1] 

The core which consists of the themioplastic 
resin which an axial center is a hollow part and 
are 1.46 or more refractive indexes, and the 
clad which coats the periphery of an above- 
mentioned core are made indispensat)le. 

The entire diameter of fiber is 0.3 mm or 
more. 

A hollow plastic optical fiber characterized by 
the above-mentioned. 

[CLAIM 2] 

After filling a thermoplastic resin in the base 
cylinder mold which has the core material 
coaxially protruded by the axial center part A 
vacuum degassing process is applied at the 
temperature which is heated and an above- 
mentioned thermoplastic resin melts. 

Subsequently, after solidifying an above- 
mentioned melting thermoplastic resin by 
cooling an above-mentioned base cylindrical 
mold sequentially from the lower part in the 
pressurization atmosphere of inert gas A 
release is performed from an above-mentioned 
base cylindrical mold, and it does as a hollow 
reserve compact. After perfomning spinning of 
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the above-mentioned hollow reserve compact, 
or in the process of spinning, After applying 
resin for dads to that periphery, resin for 
above-mentioned dads is hardened. 

A manufacturing method of a hollow plastic 
optical fiber characterized by the above- 
mentioned. 

[CLAIM 3] 

After filling a thermoplastic resin to the base 
cylindrical mold which has the core material 
coaxially protruded by the axial center part, it 
heats in the pressurization atmosphere of inert 
gas, and an above-mentioned thermoplastic 
resin is melted. 

Subsequently, after solidifying an above- 
mentioned melting thermoplastic resin by 
cooling an above-mentioned base cylindrical 
mold sequentially from the lower part in the 
pressurization atmosphere of inert gas Perform 
a release from an above-mentioned base 
cylindrical mold, and it does as a hollow reserve 
compact. Furthermore a vacuum degassing 
process is applied to an above-mentioned 
hollow reserve compact at the temperature 
below that glass transition temperature. 
Subsequently, after performing spinning of the 
hollow reserve compact after a process, or in 
the process of spinning, After applying resin for 
dads to that periphery, resin for above- 
mentioned dads is hardened. 

A manufacturing method of a hollow plastic 
optical fiber characterized by the above- 
mentioned. 

[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1 1 



[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to a hollow plastics optical 
fiber and an its manufacturing method. 
Specifically, it is related with a hollow plastic 
optical fiber use for the light guide of image fiber 
and effective, and the method of manufacturing 
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[0 0 0 3] 
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[PRIOR ART] 

The optical-fiber system is utilized for the 
medical inspection of in-the-body many organs. 
For example, it inserts in the in-the-body organ 
which should inspect the optical transmittance 
system which mounted multiple light guide in 
the bundle image fiber in it. A light is sent from a 
light guide and an inspection-part place is 
irradiated. 

Passing through image fiber, observing a 
diseased part, and inspecting it by doing that 
light as a light source, Is done. 



[0003] 

Therefore, the light guide used for these 
system, For example, it is also needed for 
passing through in the blood vessel to have the 
performance that a large light quantity can be 
transmitted while that diameter of fiber is a 
narrow diameter for a certain reason. Moreover 
it is needed for image fiber to be able to collect 
a light from a light guide reliably. 

If it says on the latter problem, it will be 
preferable to mount image fiber to the governed 
center of a light guide. 



[0004] 

However, it is difficult to mount image fiber to 
the center of a light guide that plural books are 
bundled. 

Therefore, the problem that the irradiation to 
image fiber of the signal light of the inspection- 
part place by the light radiated from the light 
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[PROBLEM ADDRESSED] 

In order to solve such a problem, it is used for 
another application. 

However, it can consider using fiber of the 
quartz-type which made the axial center part of 
a core hollow, as a light guide. . .^.^ 

That is, image fiber is inserted in the'Rolltwv 
part of the core of this quartz-type fiber, and a 
cross section sends a light to the core of an 
annular-ring shape. Thereby, the light signal 
from an inspection-part place can also be 
uniformly collected on image fiber positioned in 
a center. 



[0006] 

However, in order to enlarge the light quantity 
transmitted to a core in the case of the hollow 
optical fiber of these quartz-type If that diameter 
of fiber is made into 0.3 mm or more, for 
example, it is very become easy to perform 
breakage. 

There is a problem that it cannot tolerate to 
actual usage at all. 

This has a limit in the diameter of fit>er which 
can be manufactured. 

Therefore, since area of the annular-ring 
shape core of a cross section cannot be 
enlarged, when using as a light guide which 
inserted image fiber in the hollow part, the 
problem that a large light quantity cannot be 
transmitted is caused. 
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[SOLUTION OF THE INVENTION] 

In order to attain the above-mentioned 
objective, in this invention, the core vt/hich 
consists of the thermoplastic resin which an 
axial -center is a hollow part and are 1.46 or 
more refractive indexes, and the clad which 
coats the periphery of an above-mentioned core 
are made indispensable, and the entire 
diameter of fiber is 0.3 mm or more. 
The hollow plastic optical fiber characterized by 
the above-mentioned is provided. Moreover, as 
an its manufacturing method, After filling a 
thermoplastic resin in the base cylinder mold 
which has the core material coaxially protruded 
by the axial center part, it heats and a vacuum 
degassing process is applied at the temperature 
which an above-mentioned thermoplastic resin 
melts. 

Subsequently, after solidifying an above- 
mentioned melting thermoplastic resin by 
cooling an above-mentioned base cylindrical 
mold sequentially from the lower part in the 
pressurization atmosphere of inert gas, a 
release is performed from an above-mentioned 
base cylindrical mold, and it does as a hollow 
reserve compact. After performing spinning of 
the above-mentioned hollow reserve compact, 
or in the process of spinning, After applying 
resin for dads to that periphery, resin for 
above-mentioned dads is hardened. 
The manufacturing method (hereinafter a first 
manufacturing method) of the hollow plastics 
optical fiber characterized by the above- 
mentioned is provided. 

Furthermore, after filling a thermoplastic resin in 
the base cylinder mold which has the core 
material coaxially protruded by the axial center 
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part, it heats in the pressurization atmosphere 
of inert gas, and an above-nrientioned 
thermoplastic resin is melted. 

Subsequently, after solidifying an above- 
mentioned melting thermoplastic resin by 
cooling an above-mentioned base cylindrical 
mold sequentially from the lower part in the 
pressurization atmosphere of inert gas, perform 
a release from an above-mentioned base 
cylindrical mold, and it does as a hollow reserve 
compact. Furthermore a vacuum degassing 
process is applied to an above-mentioned 
hollow reserve compact at the temperature 
below that glass transition temperature. 
Subsequently, after performing spinning of the 
hollow reserve compact after a process, or in 
the process of spinning. After applying resin for 
dads to that periphery, resin for above- 
mentioned dads is hardened. 

The manufacturing method (hereinafter a 2nd 
manufacturing method) of the hollow plastics 
optical fiber characterized by the above- 
mentioned is provided. 

[0009] 

The core in the hollow plastic optical fiber of this 
invention, consists of the thermoplastic 
transparent plastics whose axial center part is 
the hollow part of the diameter of 
predetermined, and refractive index is 1.46 or 
more. 

And, the periphery of that core is coated by 
resin with a refractive index smaller than a core, 
and the clad is formed. 

Here if the refractive index of a core is made 
into 1.46 or more, even when it is the case 
where the clad is not formed in the wall surface 
of that hollow part, even when the wall surface 
of image fiber inserted in the hollow part and a 
hollow part contacts, it is few to cause a 
leakage light. That is, the transmission loss of a 
light provides the advantage of being few. 



[0 0 10] 



[0010] 



02/03/01 



9/31 



(C) DERWENT 



m 



JP6-67040-A 



t<\^. =ir<^®tff*^ 1.5 0 

XhX^^-^>. =iT(7)®tffW 1. 

^W^^fz.^^'t-b^f^^^ii^hX 
[0 0 1 1 1 

-r /-^^fi 0. 3 mm \>XkAz.WC^ $ 
0.3 mm ^^±.X^-^Xh»i^'&. 

(cffin/cb <^ s o 

[0 0 121 

t ^Ji^ti t -e tLf^ 



THOIVISOM 

DERWENT 

Especially the advantage described above 
when the refractive index of a core was made 
into 1.50 or more is expressed much more 
notably. 

And, if the refractive index of a core becomes 
large, a number of aperture will also become 
large. 

The irradiation power of a light can be 
effectively maintained now. 

The clad may be similarly formed in the wall 
surface of a core hollow part. 

However, if the refractive index of a core is 
1 .46 or more, it does not necessarily need. 

When using as a light guide, even when the 
clad of a wall surface does not exist, the 
transmission loss of a light is small. Trouble is 
not caused to actual usage. 



[0011] 

In the optical fiber of this invention, when using 
as a light guide, in order to preserve the role 
which transmits a large light quantity, that 
diameter of fiber is set as 0.3 mm or more. 

Moreover if hollow fiber is manufactured with 
plastics. That hollow fiber has favorable 
flexibility, even when the diameter of fiber is 0.3 
mm or more. 

The breakage at the time of bending is 
eliminated. 

Especially when the hollow part is formed in 
the inside, that fiber becomes that which was 
very outstanding in points of the flexibility. 



[0012] 

Here, as a thermoplastic resin which comprises 
a hollow core, it is transparent and a refractive 
index is 1 .46 or more. 

And fabricability is not limited exceptionally 
that what is sufficient is just to be favorable. 

However, for example, a polycarbonate, 
polymethyl methacrylate, a polystyrene, a 
polyarylate, etc. can be mentioned. 

Moreover, what is sufficient is just to be resin 
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of a low refractive index from resin of a hollow 
core as material of a clad. For example, a 
silicone resin, a thermosetting acrylics 
(polyfunctional acrylic resin), etc. can be 
mentioned. 



[0013] 

By the way it can consider manufacturing such 
a hollow plastics optical fiber by the method 
according to the manufacturing method of a 
tube. 

That is, it is the method oj; extruding the 
thermoplastic resin of a predetermined 
refractive index continuously, and 
manufacturing a tube, passing gas, such as 
nitrogen, to center part. 

However, by this method, in order to raise 
intensity, it is necessary to draw at the time of 
extrusion. 

However, this drawing process is very 
difHcult. 

Furthermore since micro roughness 
generates in the wall surface of a hollow part 
and it does not become mirror-surface 
condition, at the time of transmission of a light, 
scattering etc. produces and a transmission 
loss becomes large. When using with a light 
guide, there is a problem of causing a reduction 
of the light quantity to transmit. 

[0014] 

Moreover as another method, the hollow 
reserve compact which it consists of the 
thermoplastic resin of a predetermined 
refractive index, and is a thickness is usually 
manufactured by the injection-moulding 
method. 

Spinning of this is performed to the diameter 
of predetermined. The above method can be 
considered. 

However, in manufacturing a hollow reserve 
compact by the injection-moulding method, the 
following wrong problems tend to arise. 
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[0015] 

That is, the screw extrusion of resin is 
performed in a mold from an extruder at the 
time of an injection moulding. 

However, several grooves where resin tends 
to be overdue are generally formed in the resin 
path. 

Therefore a part of resin supplied to the 
extruder from the hopper piles up in an above 
groove, and that adheres to a screw. 
And, when the compaction temperature of resin 
is high, resin adhering to the screw causes 
thermal deterioration, and colors. 

It mixes in resin with which this is supplied by 
s u cceed i n g?-?ss^535p 

Therefore the obtained hollow reserve 
compact will color. 



[0016] 

Moreover, resin by which the casting viras 
performed from the extruder accumulates an 
internal distortion in process which that 
solidifies, A crack etc. may generate in the 
hollow reserve compact obtained as a result. 

Furthermore a void and a nest generate and 
there is a problem of becoming unsuitable as a 
core. 

The hollow plastic optical fiber of this 
invention is manufactured by 2 method, the 
above-mentioned first manufacturing method or 
2nd manufacturing method, not with the above- 
mentioned method. 



[0 0 17] 
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[0017] 

In the case of an any method, the hollow 
reserve compact which becomes a hollow core 
first is manufactured. After performing spinning 
of this hollow reserve compact, or in the 
process of spinning, resin for dads is applied to 
that periphery. 

It manufactures by making the clad layer 
which hardened that. 

Initially, a first manufacturing method is 
explained. 
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First, the base cylindrical mold 1 which it had 
with the partially notched perspective diagram 
of Fig. 1 is prepared. 

This mold 1 forms the structure which 
protruded core-material 1b of the diameter of 
predetermined coaxially facing to 1d of 
openings from bottom-part 1c, to the axial 
center part of base cylindrical body la. 

[0018] 

In this mold 1, that which core-material lb and 
base cylindrical body la integrated may be 
used. Moreover, as Fig. 2 showed, base 
cylindrical body la and core-material lb are 
manufactured as another body. 

The structure which enabled it to mount this 
core-material lb detachably to bottom-part 1c of 
base cylindrical body la is suitable. 

A predetermined thermoplastic resin is filled 
by annular-ring-like part 1e which this base 
cylindrical body la and core-material lb form. 
After melting as it mentions later, and cooling- 
solidifying further, a release is performed as a 
hollow reserve compact. 



the process which the 
currently melted cooling- 
resin is cooling-solidified 
to core-material 1b, the 
resin clamped from an 



[0019] 

By the way, in 
thermoplastic resin 
solidifies Because 
from the outside, 
shrinkage force of 
outside effects it. 

This shrinkage force, while working as a 
factor which obstructs operation which performs 
the release of the hollow reserve compact from 
a core material, an internal distortion is derived 
to a hollow reserve compact, and it comes to 
invite degradation of that optical property to it. 

[0020] 

Therefore, in this invention, it is preferable to 
give the treatment which alleviates the 
shrinkage force of resin which the surface of 
core-material lb is coated by the tube of the 
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desired thickness which consists, for example, 
of a polytetrafluoroethylene, and Is effected to 
core-material 1b. 

If a thin mbber tube is made to interpose 
between the above-mentioned 

polytetrafluoroethylene tube and core-material 
1 b for example, the shrinkage force of resin can 
be alleviated much more effectively by the 
elastic texture of this rubber tube. 
Furthermore, a metal line, the plastics fiber, etc. 
are spirally wound to core-material 1b. 
The top is coated by the polytetrafluoroethylene 
tube. 

Or, it places by making a metal line, the 
plastics fiber, etc. follow a core material axially 
between core-material lb and a 
polytetrafluoroethylene tube. That Is also 
effective as the method of alleviating the 
shrinkage force of resin to core-material 1b. 



[0021] 

VVhen performing the release of the hollow 
reserve compact from the base cylindrical mold 
1 , in order to enhance that release property, it is 
preferable to apply mold releasing agent to tfie 
inner wall face of the base cylindrical mold 1 . 

As mold releasing agent, the coating-film 
surface after an applying-drying is flat. 

That the optical property is also favorable and 
forms the coating film not melted at the time of 
melting of the thermoplastic resin within the 
mold moreover mentioned later, either is 
preferable. For example, the fluororesin which 
has the alicyclic group or the alicycllc 
heterocyclic group of fluorine substitution etc. in 
the principal chain such as Teflon AF2400 
(brand name, made in Du-Pont company) was 
made to dissolve in the solvent of fluorine type 
such as Fluorinert FC-72 (brand name, made 
from Sumitomo 3M Co., Ltd.). The above resin 
solution is suitable. 
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[0022] 

An above resin solution can form the coating 
film whose film surface is uniform and a film 
thickness is a mirror surface. 
Therefore, the surface of the hollow resen/e 
compact after a release also turns into a mirror 
surface from a mold. 

Since the peripheral surface and the hoHow 
part wall surface of hollow fiber after spinning 
also turn into a mirror surface as a result, the 
light quantity to transmit can be maintained 
excellently. 

Moreover since the coating film formed with 
this resin solution isaipnovided also with the 
function as a barrier, the situation where the 
impurity contained in the base cylindrical mold 
at the molding time of a hollow reserve compact 
contaminates a thermoplastic resin can be 
prevented effectively. 

[0023] 

Furthermore, the coating film by this resin 
solution can be easily dissolved in the solvent 
used for the solution, and can be removed in it. 

Therefore it is useful also at the point of 
potentiating the periodic duty of a mold. 
It Is the shape of a pellet, powder, and flakes, or 
a predetermined thermoplastic resin is made to 
hollow part 1e of the base cylindrical mold 1 
which was described above, at the warming 
below compaction temperature at a fluid state, 
and it fills. 

It accommodates In the sealing container 2 in 
which the entire mold was shown in Fig. 3. 



[0 0 2 4] 
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[0024] 

This sealing container 2 is provided with main- 
body of a container 2a and lid 2b of a pressure 
resistance. 

On the outside of main-body of a container 2a, 
From downward to upwardly multiple divide 
heaters (5 in a diagram) 3a, 3b, 3c, 3d, and 3e 
are placed. 

Cooling means 4a, 4b, 4c, 4d, and 4e such as 
the water-cooled machine which cools each 
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heater is placed by the outside of each divide 
heater. 



[0025] 

Moreover, the pressure indicator 5 for 
measuring a container internal pressure, the 
piping system 6 which one side consists of 
piping 6b linked to a vacuum pump, and 
consists of piping 6c which connects the other 
with an inert-gas supply source, via switching 
valve 6a, and the leak valve 7 are mounted by 
lid 2b. 

After accommodating the base cylindrical 
n^S^ which filled the thermoplastic resin in 
this sealing container 2, all the divide heaters 
3a-3e are operated, and the thermoplastic resin 
in a mold is heated. 

When resin flows and melting starts, 
switching valve 6a is operated and vacuum 
suction in a container is performed. The 
predetermined time retaining in a 
predetermined degree of vacuum is performed. 



[0026] 

This vacuum degassing process removes the 
gas component, the unreacted monomer 
component, etc. which were included in the 
inside of a container, or the thermoplastic resin. 
The void generation and the generation of the 
nest to the hollow reserve compact which 
combines to the pressurization process by the 
inert gas mentioned later, and was obtained are 
prevented. 

Factors, such as the temperature, the degree 
of vacuum, the processing time, etc. in a 
vacuum degassing process, cannot be uniquely 
defined, because it is stipulated by the glass 
transition temperature of the thermoplastic resin 
to use, the viscosity at the time of process 
temperature, quantity, etc. 

What is sufficient is just in general, to be the 
temperature of 220-300 degree C, 1 or less Torr 
of degrees of vacuum, and processing-time is 
about 1-7 hour. 



02/03/01 



16/31 



^C) DERWENT 



JP6-67040-A THOiVISON 

Hfe- — 

OERWEMT 



[0 0 2 7] 

yVuy 6 a ^laW 6 c {Rijl^^^ 

tt, il^ 5 ~ 8 0 kgf/cm=^ 
0~6 0 6^mmnti:^itX\^\ 

[0 0 2 8] 

3 b (Dmi^^w±-ri> t mm^ 

-cv^<o 



[0027] 

After this vacuum degassing process, switching 
valve 6a is switched to a piping 6c side. 

Within a container, the inert gas such as N2 
and Ar is introduced, and reserve pressurization 
of everything is performed. 

The pressure at this time should just be about 
5-80 kgf/cm2 usually. 

Moreover what is sufficient is just to do 
reserve pressurization about 0 to 60 minutes. 

After reserve pressurization, or it maintains 
the pressure of inert gas as it is, or it makes to 
condition high a little. The thennoplastic resin 
currently melted is cooling-solidified, with that 
condition maintained. 



[0028] 

In operation of cooling solidification, first, 
cooling means 4a is operated at the same time 
It stops an operation of divide heater 3a of a 
starting step. 

Cooling means 4b is operated at the same 
time it stops an operation of divide heater 3b to 
the next, after a predetermined time elapses. 

Such operation is done sequentially upwardly 
from downward of container, A thermoplastic 
resin is cooled sequentially upwardly from 
downward, and it solidifies from the lower one. 
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[0029] 

By cooling the thermoplastic resin currently 
melted in the order of the upward toward from a 
lower part, the internal distortion generated 
following cooling solidification of resin can 
escape, toward direction of the melting 
thermoplastic resin which is not solidified and 
which Is situated upwardly. 

Therefore an internal distortion is not 
accumulated at the hollow reserve compact 
which everything cooling-solidified. Also in a 
mechanical strength, it comes to provide a 
favorable characteristic also in an optical 
property. 
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[0030] 

After cooling-solidifying the entire melting 
thermoplastic resin in a base cylindrical mold, 
the leak valve 7 is opened and the inside of a 
container is returned to atmospheric pressure. 
A mold is taken out and the release of the 
hollow reserve compact is performed there. 

Subsequently, the obtained hollow reserve 
compact. It sets to the spinning device which 
was shown in Fig. 3, and spinning is perfomned. 



[0031] 

That is, first, one end of hollow reserve compact 
A is introduced to a heating furnace 9, where a 
chucking is performed at the end of the sending 
part 8. 

Spinning is performed to the diameter of 
predetermined fiber by pulling that end by the 
predetermined spinning velocity with the taking- 
over machine 10, heating to the softening 
temperature of hollow reserve compact A. 
In the middle of this heating furnace 9 and the 
taking-over machine 10, first, for example, two 
divided dicell that resin for dads is filled, are 
placed. 

By making the hollow optical fiber a1 which is 
performing spinning pass through here, resin for 
dads is applied to that periphery, and it makes 
to the hollow optical fiber a2. 

As resin for dads, the thermosetting resin 
usually such as a silicone resin Is used. 



[0032] 

For example, when it is the hollow optical fiber 
a2 to which the thermosetting meaning is 
applied, a heating furnace 12 is again placed in 
the poststage of two divided dicell, and the 
heating hardening of the resin coating film is 
performed. 

In this way, the hollow plastic optical fiber of this 
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invention by which the axial part of a core is a 
hollow part and the clad is formed in the 
periphery is obtained. 

In addition, formation of the clad to the hollow 
part wall surface of an optical fiber can be done 
as follows. 



[0033] 

That is, resin for dads is first press-fitted among 
the hollow part of the hollow plastics optical 
fiber by which the clad is formed in the 
periphery. 

And, orife,.<git4 of that optical fiber a2, places 
airtightly in the sealing container 13 which 
consists of main-body of a container 13a of a 
pressure resistance, and lid 13b which switches 
with inlet-tube 14a of inert gas, and provides 
valve 14b. 

After that, inert gas is slowly introduced In the 
state of pressurization from inlet-tube 14a. 

A purge Is performed resin for dads full of the 
hollow part of an optical fiber a2. from that 
hollow part. 

As a result, in the wall surface of the hollow 
part of an optical fiber, resin for dads remains, 
and that coating film is formed. 

The heating hardening of the coating film of 
this resin for dads is performed, for example, 
and It makes a clad layer lastly. 



[0034] 

In addition, formation of an external clad and an 
internal clad. It is not limited to perfomning the 
heating hardening of the thermosetting resin, as 
described above. 

For example, an ultraviolet irradiation and an 
electron beam irradiation may do. 
Next, a 2nd manufacturing method is different 
from a first manufacturing method. 
It is the method of doing a vacuum degassing 
process before manufacturing a hollow reserve 
compact and performing spinning of this hollow 
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[0035] 

It may foam while performing spinning, if this 
vacuum degassing process is not done. 

At this time, a hollow reserve compact, 
vacuum degassing is performed the 
predetermined time in the condition of having 
heated to the temperature below this glass 
transition temperature. 

When heating temperature is higher than a 
glass transition temperature, a hollow reserve 
compact performs a heat deformation. 

The hollow optical fiber by which spinning 
was performed after that may not become a 
target shape. 

[0036] 

In addition, the same vacuum degassing 
process may be applied before spinning such 
as a 2nd manufacturing method to the hollow 
reserve compact manufactured by the first 
manufacturing method. 
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[Example] 

Example 1 

The base cylindrical mold with which an 
intemal diameter is 20 mm and the core 
material with a diameter of 9.5 mm is protruded 
by the axial part is prepared. After applying 
mold releasing agent which Fluorinert FC-72 
(brand name made from Sumitomo 3M Co., 
Ltd.) is made to dissolve Teflon AF2400(Du- 
Pont company brand name) 1%, to that inner 
wall, it dried sufTiciently. 

Subsequently, the Teflon tube with an outer 
diameter of 11 mm and an internal diameter of 
10 mm was coated on the surface of the core 
material. 
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[0038] 

After filling L-1 250 (brand name, polycarbonate 
made from the Teljin formation Co., Ltd.) in this 
mold, it accommodated in the sealing container 
2 shown in Fig. 3. 

In addition, used L-1 250 was beforehand 
vacuum-dried for 70 hours at the temperature of 
1 20 degree C. 

Where it operated wholly the divide heaters 
3a-3e and temperature is maintained at 260 
degree C, switching valve 6a was connected to 
vacuum side piping 6b, and the vacuum 
degassing process was done for 2 hours by 
degree-of-vacuum 0.05 Torr. 



[0039] 

Subsequently, switching valve 6a was switched, 
N2 gas was Introduced from piping 6a, the 
pressure in a container was made into 10 
kgf/cm2s, and 10 minutes was maintained. 

Subsequently, maintaining the container 
internal pressure to 10 kgf/cm2, first, while the 
operation of divide heater 3a was stopped, 
cooling means 4a was operated. 

After 10 minutes, while the operation of divide 
heater 3b was stopped to the next, cooling 
means 4b was operated. 



[0040] 

This operation is sequentially done at intervals 
of 10 minutes, and an operation of all divide 
heaters is stopped. 

After cooling-solidifying L-1 250 in a mold from 
downward sequentially, the leak valve 7 was 
opened and the inside of a container was 
returned to atmospheric pressure. 
The mold was picked out from the container 2 
and the release of cooling-solidified resin was 
performed. 

Release operation was smooth. 

The hollow body by which the Teflon tube has 
adhered to the hollow part wall surface was 
obtained. 

A Teflon tube Is removed from this hollow 
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body, and the surface of a hollow body is 
washed by Fluorinert FC-77 (brand name, 
made from the Teijin formation Co., Ltd.). The 
hollow reserve compact whose outer diameter 
is 20 mm and diameter of a hollow part is 11 
mm was obtained. 

[0041] 

After doing vacuum drying of 240 hours to this 
hollow reserve compact at the temperature of 
120 degree C, It set to the spinning device 
shown by the Figure 4. 

The warming of a heating fumace 9 is managed 
at 260 degree C. 

A silicone resin is accommodated in two=divided 
dicell. 

The heating furnace 12 was managed at 320 
degree C, and spinning was performed by 4 
m/min of spinning velocities. 

The hollow plastics optical fiber with the 
diameter of 1 .05 mm of fiber, a diameter of a 
hollow part / of 0.53 mm, and a thickness of a 
clad 0.02 mm was obtained continuously. 

The refractive index of a hollow core part is 
1.58. 

[0042] 

When this optical fiber is cut in length of 3m and 
white light is incidented from one of these. 
Favorable e light from another end was 
observed. 

Moreover, when the transmission loss was 
measured by the 5m-1m cutback method using 
the laser radiation with a wavelength of 660 nm, 
it was 0.55dB/m. 
Example 2 

After press-fitting the silrcone resin of 
viscosity lOOOcp among the hollow part of the 
hollow optical fiber manufactured in the 
example 1, It sets to the sealing container 13 
shown in Fig. 5, and introducing of N2 gas from 
inlet-tube 14a was continued slowly for 5 
minutes. 

Subsequently, the continuous travelling of the 
hollow optical fiber after a process is performed 
by 2 m/min of line speeds within the heating 
fumace managed by 250 degree C. The internal 
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clad whose thickness is about 50 micrometers 
at the wall surface of a hollow part was formed. 



[0043] 

When the similar optical observation as an 
example 1 was performed about this hollow 
optical fiber, the favorable light has been 
observed as the example 1 . 

Moreover, the transmission loss of this hollow 
optical fiber was 0.50dB/m. 
Example 3 

Resin for hollow cores was the aery pet (a 
brand name, Mitsubishi Rayon Co., Ltd. 
*p6l^ethyl methacrylate) to whom the vacuum 
degassing process of 120 hours is beforehand 
applied at 70 degree C. The melting 
temperature of resin was 220 degree C. After 
maintaining 10 minutes of the pressures in a 
container by 10 kgf/cm2 by Ar gas, it cooling- 
solidified by raising Ar gas pressure to 50 
kgf/cm2 further, and maintaining 30 minutes. 
The hollow reserve compact was manufactured 
as the example 1 except the above. 



[0044] 

Subsequently, vacuum drying of 400 hours was 
performed to this hollow reserve compact at 50 
degree C. Each temperature of a heating 
furnace 9 and the heating furnace 12 was 220 
degree C. The spinning velocity was 2 m/min. 
Except the above, spinning was performed as 
the example 1 and the hollow optical fiber was 
manufactured. 

The hollow plastic optical fiber with the 
diameter of 1 .05 mm of fiber, a diameter of a 
hollow part 0.53 mm, and a thickness of a clad 
0.02 mm was obtained continuously. 

The refractive index of a hollow core part is 
1.47. 
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[0045] 

This optical fiber is cut in length of 3m, and 
white light is incidented from one of these. The 
light favorable from another end was observed. 

Moreover, when the transmission loss was 
measured by the 5m-1m cutback method using 
the laser radiation with a wavelength of 660 nm, 
it was 0.49dB/m. 
Example 4 

Mold releasing agent used in the example 1 is 
applied to the inner wall of a glass-made test 
tube with an internal diameter of 20 mm. 

Moreover a polytetrafiuoroethylene tube with 
an outer diameter of 11 mm and an internal 
diameter of 10 mm is coated on the surface of a 
glass rod with a diameter of 9.5 mm, and it does 
as a core material. This core material was 
installed to the axial center part of a test tuk>e, 
and it made the mold. 
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[0046] 

A hollow reserve compact is manufactured as 
an example 1 using this mold. 

Furthermore spinning of the hollow optical 
fiber was performed. 

The obtained hollow optical fiber, that 
diameter of fiber is 1 .05 mm, the diameter of a 
hollow part is 0.47 mm and the thickness of a 
clad is 0.02 mm. 

Moreover, the optical transmittance ability 
and the transmission loss were almost same as 
that of the optical fiber of an example 1 . 

[0047] 

Example 5 

Everything consists of stainless steel and an 
internal diameter is 25 mm and the diameter of 
a core material is 10 mm. 
To the core material of the mold as the shape 
where it used in the example 1 with the same 
entire shape, A rubber tube with an internal 
diameter of 10 mm and a thickness of 1 mm is 
put. 



02/03/01 



24/31 



(C) iDERWeNT 



JP6-67040-A 



mm, F*9^ 1 2 mm 607i< y 7^ h 
^ :7 / b ;?^ a 31 ^ Ix >- ;3. — y ^ 

[0 0 4 81 

1.0 5 mm, 'P^^CDU^^^ 
0. 5 2 mm, ^ ^ y KfZJff^fi 0. 
0 2 mm "CfcofCo 

[0 0 4 9] 

gtft 6 6 0 n m<D if 
V^-C 5 m— 1 m;^ :y 

0.5 OdB/m -efcofco 
{B.iJ{c|^=g 0. 5 mm (omU^^M 

5 1 mm^^ i^x^^^mmm 



XHOIVISOIM 

, if* 

DERWEIMT 

Furthermore the polytetrafluoroethylene tube 
with an outer diameter of 13 mm and an internal 
diameter of 12 mm was coated from on that. 

[0048] 

The hollow reserve compact was manufactured 
as the example 1 using this mold. 

However, the stop space of each divide 
heater at the time of cooling solidification of 
operation was performed in 1 5 minutes. 

Operation which performs the release of the 
hollow reserve compact from a mold was very 
smooth. 

Spinning was performed the obtained hollow 
reserve compact on the similar conditions as arr^^ 
example 1. 

The obtained hollow optical fit>er, That 
diameter of fiber is 1 .05 mm and the diameter of 
a hollow part is 0.52 mm and the thickness of a 
clad is 0.02 mm. 

[0049] 

This optical fiber is cut in length of 3m, and 
white light is incidented from one of these. The 
favorable light from another end was observed. 

Moreover, when the transmission loss was 
measured by the 5 m-1 m cutback method using 
the laser radiation with a wavelength of 660 nm, 
it was 0.50dB/m. 
Example 6 

The copper wire of 0.5 mm of wire diameters is 
spirally wound on the outside of the core 
material of the mold used in the example 5. 
The polytetrafluoroethylene tube used in the 
example 5 was coated from on that, and it made 
the mold. Except the above, the hollow reserve 
compact was manufactured as the example 5, 
and spinning of the hollow optical fiber was 
performed further. 

At this time, the release of the hollow reserve 
compact was able to be very smoothly 
performed from the mold. 
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The obtained hollow optical fiber of a cross- 
sectional shape is the same as that of an 
example 5. 

Moreover the transferability and the 
transmission loss of a light also was the same. 
Example 7 

It places by making the core material of the 
mold used in the example 5 follow, and contact 
the copper wire of 0.5 mm of wire diameters. 
The polytetrafluoroethylene tube used in the 
example 5 was coated from on that, and it made 
the mold. A hollow reserve compact is 
manufactured as an example 5 except an 
above. 

Furthermore spinning of ^the- hollow optical 
fiber was performed. 

At this time, the release of the hollow reserve 
compact was able to be very smoothly 
performed from the mold. 

[0051] 

The obtained hollow optical fiber of a cross- 
sectional shape is the same as that of an 
example 5. 

Moreover the transferability and the 
transmission loss of a light were also same. 
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[EFFECT OF THE INVENTION] 

Clearly from the above explanation, the hollow 
plastics optical fiber manufactured by the 
method of this invention can transmit a large 
light quantity, and that transmission loss of it is 
also small, and it is very useful as a light guide. 

Neither a void, nor a nest exists by 
performing the vacuum degassing process of 
the hollow reserve compact whose this is the 
precursor of a hollow optical fiber. Or, it 
removes accumulation of an internal distortion 
by cooling-solidifying the melting body in the 
order of the upward toward from a lower part. It 
is the effect which these bring. 
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[BRIEF EXPLANATION OF DRAWINGS] 



[1^1] 



[FIGURE 1] 

It is the partially notched perspective diagram 
showing 1 example of the base cylindrical mold 
used by the method of this invention. 



[112] 



[FIGURE 2] 

K-f-^^ It is the perspective diagram showing another 
example of a base cylindrical mold. 
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[FIGURE^3]^n 

It is the sectional view showing the sealing 
container used by the method of this invention. 
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[FIGURE 4] 

It is the schematic showing 1 example of the 
spinning device used by the method of this 
invention. 
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[EXPLANATION OF DRAWING] 



1 

1a 
1b 
1c 
la 
Id 
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Base cylindrical mold 
Base cylindrical body 
Core material 

The bottom part of base cylindrical body 



3 c, 3 d, 3 e 5> 



4 c , 4 d , 4 e ?p 



The opening of base cylindrical body la 
The hollow part of the base cylindrical 
mold 1 

2 Sealing container 

2a The main body of a container 

2b Lid 

3a, 3b, 3c, 3d, 3e Divide heaters 
4a, 4b, 4c, 4d, and 4e Cooling means 

5 Pressure indicator 

6 Piping system 
6a Svi/itching valve 

6b Piping to a vacuum pump 
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6c Piping to an inert-gas supply source 

7 Leak valve 

8 Chuck 

9 Heating furnace 

1 0 Taking-over machine 

11 2 divided dice 

12 Heating furnace 

1 3 Sealing container 

13a The main body of a container 
13b Lid 

14a The inlet tube of inert gas 

1 4b Switching valve 

A Hollow reserve compact 



a1 and a2 



Hollow plastics optical fiber 
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[FIGURE 1] 




[FIGURE 2] 
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[FIGURE 3] 
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[FIGURE 4] 
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[FIGURE 5] 
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